Objective: This study analyses the risk of coronary heart disease (CHD) associated with food intake patterns. Design: A cohort study with follow-up in 1996 for first admission to hospital for a CHD diagnosis or death caused by CHD (280 cases). Three food patterns were identified from a food frequency questionnaire: (1) a predefined healthy food index; (2) a prudent diet (reflecting frequent intakes of wholemeal cereals, fruit and vegetables); and (3) a Western food pattern (reflecting frequent intakes of meat products, butter and white bread) derived by factor analysis. Both factor scores had a mean of zero and a standard deviation of 1. Setting: Copenhagen County, Denmark. Subjects: A random sample of 7316 adults participated in health examinations conducted either in 1982 -1984, 1987, or 1991 -1992. Results: The healthy food index and the Western pattern were not associated with CHD. The prudent pattern was associated with a decreased risk of CHD (Hazard ratio (HR per score unit increase) ¼ 0.85; 95% confidence intervals (CI), 0.75, 0.96), but the association vanished (HR ¼ 1.06; 95% CI, 0.93, 1.21) after controlling for confounding. Body mass index (BMI) modified the effect of the prudent and the Western patterns on CHD risk, suggesting an inverse association between both patterns and CHD in persons with low BMI, while the risk of CHD seemed to be positively related to the prudent and the Western pattern in those with high BMIs. Conclusions: This study showed no association between dietary patterns and CHD risk, but suggests that BMI modifies the relation between diet and CHD risk.
Introduction
Coronary heart disease (CHD) is responsible for about 30% of all deaths in Western countries, and a diet high in saturated fat and low in dietary fibre and antioxidants is considered one of the major modifiable risk factors (Osler et al, 2000) .
However, most prospective evidence comes from small cohort studies of middle-aged men (less than 2000 participants, Willett, 1998) or from cohorts of low-risk populations of health professionals in USA (Ascherio et al, 1996; Hu et al, 1997) . In addition, most of these studies have described diet in terms of food groops (eg fruit and vegetables) or its content of single nutrients (eg dietary fat or fibre) or single foods (Willett, 1998) . However, given the complexity of human diets, the high correlations between intakes of various nutrients or food items, and given the many nutrientto-nutrient biochemical interactions, results describing the effects of consumption levels of single nutrients or foods on a given health outcome may be spurious. Therefore, a measure of the overall pattern of diet intake may have a greater potential for being associated with health outcomes than any single component. In addition, epidemiological analyses based on nutrients are generally not directly related to dietary recommendations, since individuals ultimately determine nutrient intake largely by their choice of different foods.
To overcome these limitations, several authors have recently proposed that overall food intake patterns are studied by considering the consumption of food combinations. One major problem in studying these patterns is determining the method to define food patterns. There are two main directions in the increasing amount of literature relating dietary patterns to health (Kant, 1996; Slattery et al, 1998) . One direction is to create food indices a priori on the basis of current food recommendations (healthy eating indices), and most such indices are calculated by adding single nutrients or foods (Kant, 1996) . However, such composite indices reflect a particular food pattern, and do not necessarily overcome the problems with multicollinearity of various dietary variables. Consequently, food patterns studied by a posteriori data-reduction techniques have elicited considerable interest (Gex-Fabry et al, 1988; Prevost et al, 1997; Beaudry et al, 1998; Slattery et al, 1998; Kumagai et al, 1999; Hu et al, 2000) . Data from food frequency questionnaires (FFQs), which are commonly used in epidemiological studies to estimate individual consumption of certain foods, do not directly lend themselves to define dietary patterns.
Hence, in the present prospective population-based study, we examined whether food intake patterns, defined both a priori on the basis of current dietary recommendations and a posteriori by factor analysis, determine subsequent CHD mortality and morbidity.
Material and methods

Participants
The study is based on data from three Danish WHO MONICA surveys, described in detail previously (Gerdes et al, 2000) . Briefly, random equal-sized samples of 30-, 40-, 50-and 60-y-old men and women living in the southwestern part of Copenhagen County, were drawn from the National Central Person Registry and invited to participate in surveys conducted in 1982 -1984 (DAN-MONICA I), 1987 (DAN MONICA II), and 1991 . The MONICA III survey also included men and women aged 70 y. The response rates were 79, 75 and 73%, respectively, and the total population comprised 3698 men (1940 þ 748 þ 1010) and 3618 women (1845 þ 756 þ 1017).
Data collection
Data on a large number of well-established biological and behavioural cardiovascular risk factors were collected by clinical examinations and questionnaires, respectively. Comparable survey methods, which followed the WHO-MONICA protocol, were used in all three surveys. Data on the biological variables, smoking, drinking and physical activity, were missing from less than 1% of the participants, whereas 19% of the participants had missing data for one or more of the variables in the FFQ on dietary habits. Subjects with incomplete data were more often women, lower educated and from the MONICA II survey. In total 2964 men and 2870 women participated with complete information on all variables were included in the present study.
Dietary variables
In all three studies, an extensive questionnaire on sociodemographic variables, lifestyle and health was completed before a general health examination. This questionnaire included a question in which respondents were asked: 'How often do you, on average, eat the following food items?' followed by a list of 26 items. The choices in the frequency scale were as follows: never, once a month or less, twice a month, once a week, two to three times a week, once a day, two to three times a day, and four times or more daily. In addition, participants were also asked about their average daily number of cups of tea or coffee. The questionnaire has been validated earlier as a part of the present study (Osler and Heitmann, 1996) . This validation showed that the mean food intake measured by a diet history interview increased with increasing frequency category of the FFQ. The Spearmann correlation coefficients were around r ¼ 0.50 for most foods, indicating that the FFQ was able to identify levels of food intake correctly.
Data were both aggregated in a predefined healthy food index and in a posteriori scores by using principal component analysis (factor analysis).
The predefined food intake pattern Based on indices of overall diet quality (Kant, 1996) and the current recommendations for a healthy diet (National Food Agency, 1992) we calculated a crude index by giving one point for each of the following four characteristics of the diet: (i) not consuming butter, margarine or animal fats daily; (ii) consuming either raw or boiled vegetables at least once daily; (iii) consuming either coarse white bread or coarse rye bread at least once daily; and (iv) consuming fruit at least once daily. Few participants scored all four points; they were combined with the neighbouring category giving four categories for the survival analysis.
The a posteriori defined food intake pattern The food intake data were aggregated, using principal component analysis (factor analysis). The components were rotated by an orthogonal transformation (Varimax rotation) to achieve a simpler structure with greater interpretability. The food items aggregated in six components with eigenvalues exceeding 1, explaining about 50% of the variance. However, considering a Danish diet, some of the components did not appear logical. One was associated with Food intake and coronary heart disease M Osler et al frequent intakes of pasta and rice, while another mainly reflected frequent intakes of oatmeal and milk. Furthermore, a plot of the total variance associated with each component (scree-plot) indicated that a two-factor solution would be sufficient for our data. The first component (termed 'prudent food pattern') was positively associated with frequent intakes of wholemeal breads (and inversely with other types), pasta, rice, oatmeal products, fruit, vegetables and fish. The second component (termed 'Western food pattern') was positively associated with frequent intakes of meat, sausages, potatoes, butter and white bread. It reflected main characteristics of traditional Danish main meals (Table 1) . These two components had eigenvalues exceeding 2 and explained 20% (12 þ 8) of the variance. When the principal component analyses were re-run in different subgroups the results were consistent in all three surveys, for both men and women, and for the four age groups considered. The component score coefficients were estimated by the Anderson -Rubin method, which produces uncorrelated scores with a mean of zero and a standard deviation of 1.
Covariates
Questions on smoking concerned current and previous habits (yes, occasionally, no=never), and the kinds and average daily quantities of tobacco consumed (cigarettes, cheroots, cigars, pipe). In this analyses of the data, only subjects who smoked daily were considered smokers. Participants were asked about their weekly intake of beer (bottles), wine (glasses) or spirits (units). Alcohol consumption was classified into three categories according to usual weekly intake: less than 1 drink per week; 1 -14 drinks per week for women and 1 -21 drinks per week for men, and more than 14 and 21 drinks per week, respectively. Information on leisure-time physical activity were based on participants choise of one of the following: (A) mostly sedentary; (B) walking, bicycling or otherwise active at a corresponding level at least 4 h per week; (C) jogging or demanding sports, or doing heavy activity during leisure-time for at least 3 h per week; (D) long distance running or competitive sports several times per week. We defined people in group A as being inactive, the rest were considered active. Educational attainment was assessed with questions on vocational education. Anthropometric measures were collected by the same trained nurse in all studies. Body mass index (BMI) was calculated as weight in kilograms divided by the square of height in metres.
Follow-up Subjects were followed until 31 December 1996 for fatal and non-fatal CHD (ICD-8 diagnosis codes 410-4, ICD-10 diagnosis codes I20 -I25). The information was obtained from the National Board of Health (Cause of death register) and the National Hospital Discharge Register. Subjects with CHD the preceeding 5 y before enrollment (n ¼ 40) were excluded; analyses therefore are assumed to concern first events only.
Statistical analysis
Associations between risk factors and CHD were analysed using Cox's proportional hazards regression models with age as underlying time scale and delayed entry accordingly. We expected gender differences in determinants of CHD risk, and consequently all data analyses were first carried out separately for men and women (data not shown). However, risk estimates looked rather similar and in order to improve power we also made a combined analysis of men and women. For each of the three food intake patterns Cox models were developed that controlled for sex (0 ¼ female, 1 ¼ male), current smoking status (0 ¼ non-smoker, 1 ¼ smoker), BMI (as continuous variable), physical activity (0 ¼ sedentary, 1 ¼ active), vocational education (0 ¼ yes, 1 ¼ no), weekly alcohol intake (0 ¼ < 1 drinks, 1 -14 drinks for women and 1 -21 drinks for men, and over 14 and 21 drinks, respectively), and evaluated the dietary pattern as predictors of CHD. The proportional hazard assumption was evaluated for all variables by comparing estimated log -log survivor curves over the different categories of the variables being investigated. In each model we analysed for potential interactions between dietary patterns and other covariates including sex. The models with the a posterior defined food patterns were reduced using a backward reduction procedure 
Results
After excluding subjects with incomplete data or with CHD the preceeding 5 y before enrollment, the study population comprised 2964 men and 2870 women (Table 2) . During follow-up, 213 men and 67 women developed CHD.
The predefined food intake pattern The healthy food index score was positively associated with female sex, age and exercise, and inversely related to smoking and alcohol drinking (all P < 0.05; Table 3 ). The healthy food index score was inversely but insignificantly associated with CHD (Table 4) . Table 4 shows that, after controlling for potential confounding factors, the association changed direction. Thus, it seems as those with the least healthy food index had the lowest hazard ratio, although it was not statistically significant. There were no significant Food intake and coronary heart disease M Osler et al interactions between the healthy food index and other CHD risk factors (all P > 0.10).
The a posteriori defined food intake pattern The prudent food pattern was positively associated with female sex, exercise and education, and inversely related to BMI, smoking and alcohol drinking (all P < 0.05; Table 3 ). This food pattern was associated with a decreased risk of CHD (hazard ratio per score unit (HR) ¼ 0.85, 95% confidence intervals (CI), 0.75 -0.96), but the association vanished (HR ¼ 1.06; 95% CI, 0.93 -1.21) after controlling for potential confounding factors. Tests for interactions revealed that the inverse association between the prudent food pattern and CHD risk was strongest in women (P ¼ 0.0254 for interaction). Furthermore, in both sexes there was an inverse association between the prudent food intake pattern and CHD risk in persons with relative low BMI, and a positive association for those with relative high BMIs (P ¼ 0.0029 for interaction; Table 5 and Figure 1 ). The Western food pattern was inversely associated with female sex and age, and positively associated with smoking and alcohol drinking (all P < 0.05; Table 3 ). This food pattern was not related to CHD risk either before (HR ¼ 1.10; 95% CI, 0.97 -1.24) or after adjustment for confounders (HR ¼ 0.97; 95% CI, 0.85 -1.10). Tests for potential interactions showed that BMI modified the association between the Western food pattern and CHD risk (P ¼ 0.0106 for interaction; Table 5 ). Hence, in persons with a relatively low BMI there was an inverse association between the Western food pattern and CHD risk while the association was positive for those with relative high BMIs (Figure 2 ).
Discussion
In the present prospective, population-based cohort study, a prudent food pattern, which was defined through factor analysis, and reflected a diet high in vegetables, fruit and wholemeal bread, was not associated with CHD risk in middle-aged adults, after adjustment for BMI, smoking, exercise, education and alcohol drinking. Similar tendencies was found using a predefined healthy food index measuring daily intakes of fruit, vegetables and wholemeal bread. The Western food pattern, reflecting traditional Danish main meals high in meat, butter and white bread, was not Food intake and coronary heart disease M Osler et al associated with CHD risk. BMI appeared to modify the effect of prudent and Western diets on CHD risk, suggesting that in overweight subjects a high prudent or a high Western dietary pattern are associated with an increased CHD risk. Previous studies have shown inverse associations between predefined healthy dietary indices and the risk of all-cause mortality (Kahn et al, 1984; Nube et al, 1987; Fraser et al, 1992; Trichopoulou et al, 1995) , and cardiovascular mortality (Kant et al, 1995) . In the 14 y follow-up of 10 337 participants in the NHANES 1, a low diet diversity score (range 0 -5, counting the number of major food groups -dairy, meat, grain, fruit and vegetable consumption) in men was associated with a significant excess risk of CVD mortality (HR ¼ 1.5 95%; CI, 1.0 -2.1) relative to the highest scores. In women, the association was not significant (18). In a recent study a prudent and a Western dietary pattern both identified using factor analysis predicted CHD risk in 44 875 middle-aged men followed for 8 y (Hu et al, 2000; Fung et al, 2001) . After adjustment for age and CHD risk factors, the prudent dietary pattern was inversely associated with CHD risk, while the Western pattern showed a positive relation. These associations persisted in subgroup analyses including smoking and BMI. However, in the present study, BMI modified the effect of the prudent and the Western food patterns on CHD risk, suggesting a protective effect of both patterns on CHD in persons with a low BMI, only, while the risk of CHD seemed to be positively related to the prudent and the Western pattern in those with high BMIs. These results support the assumption that energy balance, as reflected by degree of adiposity, represents an influence of diet on CHD risk. The positive association between the prudent food pattern and CHD risk among subjects with a high BMI may be due to bias if these subjects, due to prevalent diabetes or hypertension, have changed their diet accordingly. On the other hand, the prudent food intake pattern was not related to blood pressure in overweight men or women. It is unlikely that the results are explained by a lower validity of dietary information in those with high BMI (Heitmann & Lissner, 1995) , unless those with high BMI who misreport have higher CHD risk too.
The relation between the Western food pattern, BMI and CHD risk was unexpected and is difficult to interpret. However, one possible explanation may be that the Western dietary score also reflected a high intake of some potentially healthy food items such as light breads and potatoes, foods that are closely related to the traditional Danish eating pattern. Furthermore, potentially healthy food items such as juice and milk products loaded on both the prudent and the Western dietary pattern. This latter issue also displays one of the limitations of factor analysis, eg that some foods may be represented in more than one component, and that this method does not allow for an isolation of possible effects of single food items.
Although, factor analysis is a widely used technique in social science, and has great intuitive appeal in nutritional epidemiology because it offers a means of factoring intakes of a variety of closely correlated dietary variables as manifestations of underlying eating patterns, the use of factor analysis in examining diet disease relationships remains controversial (Martinez et al, 1997) . The main reservations refer to the number of factors extracted and their interpretation. Further, it has been questioned whether the results from one factor analysis can be replicated in a similar population. Determining the number of components to be included in the model is another crucial step in the principal component solutions to factoring, and here theory exerts a critical effect. In the present study, we reduced the number of components from six to two, and obtained two components which reflected theory, but this approach increased the probability of one food item being represented in both components. The two components extracted were easy to interpret, and the dietary patterns which emerged were much alike those found in previous studies using factor analysis. Indeed, comparable studies from the UK (Prevost et al, 1997 ), Switzerland (Gex-Fabry et al, 1988 , Japan (Kumagai et al, 1999) and USA (Slattery et al, 1998; Hu et al, 2000) also identified two major dietary patterns, one for a prudent diet, mainly expressing high intakes of fruit and vegetables, whereas the other typically reflected high intakes of meat and fat. The construction of a healthy dietary index may also be questioned, especially as it does not overcome the problems with multicollinearity (Bollen & Lennox, 1991) . In the present study a high intake of white breads was closely related to low intakes of wholemeal bread, and further white bread seemed to be positively related to CHD risk, whereas wholemeal bread showed an inverse relation. The use of food intake patterns derived from factor analyses takes into account the high intercorrelation of foods within the diet, and we used stratification and Food intake and coronary heart disease M Osler et al adjustment in the analysis to adjust for possible confounding. In the present study we found a negative correlation between the prudent dietary pattern and total serum cholesterol (r ¼ 7 0.16), while the Western pattern showed no significant association with serum cholesterol. Although data on serum cholesterol and blood pressure were available, these variables were not included in the multivariate model, because they were regarded as intermediate factors rather than confounders in the diet -CHD relation.
In total we studied 12 interactions. When we corrected for multiple testing for the six interactions for the prudent and the Western pattern, respectively. The interaction between the prudent food pattern and gender was not significant, while the interaction with BMI remained significant. Further, the interaction between the Western food pattern and BMI was not significant after correction. However, we still find that it is important to consider the interactions, although they did not reach significance after correction for the number of tests.
Other possible limitations to the present study include that of measurement bias, since all dietary variables may be measured with substantial amounts of error. We used information from a short FFQ, which did not list all foods eaten, and did not allow for calculation and adjustment for energy intake. On the other hand, we documented in a previous validation study that the mean food intake, measured by a diet history interview, increased with increasing frequency category of the FFQ, indicating that the FFQ was able to identify levels of food intake correctly (Osler & Heitmann, 1996) . In addition, a study of the validity of dietary patterns, defined by factor analysis using data collected with a FFQ, has shown correlations between factor scores, nutrient intakes and biomarkers, such as total serum cholesterol in the expected direction (Hu et al, 1999) .
In conclusion, the present study showed no clear association between dietary patterns reflecting a prudent or a Western diet and subsequent CHD mortality and morbidity. Among normal-weight subjects, a prudent and a Western dietary pattern derived from factor analysis were inversely related to CHD risk, whereas among overweight subjects both patterns showed a positive association. These results indicate that BMI may be an important factor in the relation between diet and CHD risk.
